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World Energy-The Resource Picture
.by Vincent E. McKelvey*
LET ME BEGIN by defining two key terms. In my remarks this
morning I shall use the term reserves to mean those quantities of
an energy source that have been discovered and, to some extent, ex-
plored and sampled, and which are considered to be producible under
current economic conditions with existing technology. The term
resources includes reserves, but also includes deposits already identified
but not presently considered to be economically recoverable, as well as
undiscovered deposits that may or may not be economically producible
when found. Obviously a profound difference exists between total
resources-which is a term designating the perceived universe of a par-
ticular commodity, such as oil, gas, or coal, and reserves which at any
given moment are only a small part of total resources.'
We know a good deal about reserves because the deposits compos-
ing them have been identified and their geometry and quality
evaluated on the basis of direct evidence. Even so estimates of reserves
do not have the exactitude of inventories of other kinds of stock and
they may err by plus or minus 10-25 percent. The assessment of un-
discovered resources, however, entails far more hypothesis and much
speculation, based on incomplete and sometimes incompatible data,
with the hazard that even the most conscientious estimate may be
grossly in error. So please don't accept the estimates I am about to
discuss as the revealed truth of omniscient authority, but only as a
general and imperfect guides to the relative abundance of the world's
energy resources and as indicators of the potential contribution of each
if technological, environmental, political, and economic conditions
permit.
With these qualifications read into the record, let's now examine
the status and outlook of the major energy resources, starting with
This material is adapted from remarks made at the International Conference
on Energy Use Management in Tucson, Arizona, October 24, 1977.
For a more detailed treatment of the relationship between mineral resources
and reserves see Sheldon, Estimates of Undiscovered Petroleum Resources-A Perspec-
tive, in U.S. GEOLOGICAL SURVEY ANNUAL REPORT, FISCAL YEAR 1975, 11-21 (1976).
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crude oil, which currently supplies about half the world's energy re-
quirements.
OIL
World crude oil production in 1976 was 21 billion barrels (2.9
billion tons) and year-end proved reserves were just under 600 billion
barrels (82 billion tons). 2 Reserves are therefore about thirty times last
year's production, but because oil is an exhaustible resource, there
have been continuing efforts to ascertain how much remains to be
discovered and added to reserves in the future to replace the amounts
withdrawn for production. Often these estimates lump reserves, un-
discovered resources, and past production together to obtain a total
figure for ultimately recoverable crude oil-meaning all the oil that is
expected to be found and produced during the entire petroleum era
from its beginnings in the last century to its end sometime in the next.
These estimates differ, naturally, because they have been developed by
different people using different data, methods, and assumptions, but a
number of the more recent ones show a surprising convergence on the
figure of two trillion barrels (275 billion tons) as shown in Figure 1.
If these estimates prove to be as compatible with reality as they are
with each other, it means that at this point about half the world's en-
dowment of presently recoverable crude oil has been discovered; about
one sixth of it has been used up;' and the total available for future
supply (reserves plus undiscovered resources) is about 1,700 billion bar-
rels (245 billion tons), as shown in Figure 2.
Displayed alongside the 1,700 billion barrel total of reserves and
undiscovered recoverable resources, the 21 billion barrels produced in
1976 appear to present no basis for immediate concern about future
supply. An entirely different picture emerges, however, when
cumulative demand between now and the end of the present century is
projected at a three percent annual rate of increase-which is consider-
ably less than half the 6.5% annual growth rate maintained since 1940.
At this rate, production in the terminal year 2000 would be double that
of 1976, and cumulative production for the twenty-four year period
would be 750 billion barrels (103 billion tons), much of which would
2 Auldridge, Oil Reserves Reduced, But Production Climbs, OIL & GAS j.
Dec. 27, 1976, at 104-05.
' Cumulative world oil production to Dec. 31, 1975 was estimated at 351 billion
barrels by Grossling, Window on Oil: A Survey of World Petroleum Sources, Financial
Times (London) 1976.
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have to come from new discoveries. Providing this much oil would be
an extremely difficult, though perhaps not impossible task: very nearly
the required amount was added to reserves in the twenty-four years
ending with 1976.4 However, it is well to point out that through time,
more and more exploratory drilling is required to find the same
amount of oil. The discovery job will get harder, not easier.
Continuing the exercise, however, the situation does become clearly
impossible when demand is projected for a second twenty-four year
period, ending in 2024. This means that unless the resource estimates
are grossly in error on the low side, the age of petroleum would come
to an end in the early years of the twenty-first century, and possibly
even before that, as production peaks out and begins to decline, costs
rise, and oil progressively disappears from the market for all but the
most essential uses.
The situation could be ameliorated somewhat, and the period of
availability prolonged, if demand were to be held constant at the 1976
level. Even under such a zero-growth assumption, however, the pro-
jected requirement over the next half century would be for one trillion
barrels (135 billion tons) of oil, and while this lower production rate
might buy time for shifting to other sources, the end of production of
oil for its current largest uses would come eventually, and within the
lifetime of millions of people now living.
GAS
The story for natural gas is much the same as for oil. It is a scarce
non-renewable resource that is steadily being depleted.
Ultimately recoverable gas resources have recently been estimated
to range between 6,000 and 12,000 trillion cubic feet (170 and 340
trillion cubic meters) with the mean being 7,000 to 8,000 trillion cubic
feet (200 to 230 trillion cubic meters), as shown on Figure 3. Of the
total recoverable resources, nearly 1,000 trillion cubic feet (29 trillion
cubic meters) have been produced' and 2,300 trillion cubic feet (65
trillion cubic meters) 6 were reported as proved reserves at the end of
1976.
The relationship between production and remaining recoverable
4 Additions to proved reserves of crude oil between Dec. 31, 1972 and Dec. 31,
1976 were 732 billion barrels, as derived from data on reserves and production
published in annual summaries by the OIL AND GAS JOURNAL.
I Cumulative world gross production of natural gas to Dec. 31, 1975 estimated
to be 896 trillion cubic feet in Grossling, supra note 3.
6 Auldridge, supra note 2.
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resources is somewhat more comfortable for gas than for oil, but not
much. Marketed production in 1976 was approximately 50 trillion feet
(1.4 trillion cubic meters)7 which was about two percent of proved
reserves. Using the same three per cent annual growth projection as for
oil, Figure 4 shows that 1,770 trillion cubic feet (50 trillion cubic
meters) would be required for consumption between now and the year
2000, when annual production would exceed 100 trillion cubic feet
(2.8 trillion cubic meters).
The size of the remaining gas resources, even at the lowest estimate
given suggests that it would not be a constraint in meeting production
requirements between now and 2000 at present rates of consumption.
Again, however, the problem rapidly worsens as exponential demand
growth keeps eating away at the finite resource base. Cumulative gas
demand between 1976 and 2024 at only a three percent annual rate of
increase (to continue the comparison with oil) would require produc-
tion of 5,310 trillion cubic feet (152 trillion cubic meters) all of which,
and more, would have to be discovered if reserves are not to be drawn
down to levels that could not support the 200 trillion cubic feet (5.6
trillion cubic meters) production rate in the terminal year.' With great
effort and much luck, such an amount of gas might be found,
although this supposes that the actual amount of remaining resources
is much more than the low estimate shown. In any event, the presently
estimated resource base could not support a third twenty-four year
doubling period; cumulative requirements for consumption alone
would exceed the most optimistic estimate of total remaining resources,
both discovered and undiscovered.
UNCONVENTIONAL HYDROCARBONS
With respect to other potential sources of hydrocarbons, much in-
terest has developed recently in certain unconventional sources of oil
and gas that have been largely ignored until now because of the great
difficulty and cost of producing them: the tar sands of Northern
Alberta and the Orinoco Basin in Venezuela; the oil shales of the
Western United States; and the vast quantities of gas believed to be
Bureau of Mines, preliminary estimate (unpublished communication, April 21,
1977).
. A reserve-to-production ratio of 10 is considered to be minimal to permit
unrestricted production of natural gas at a given annual rate. In the present case, a
reserve of at least 2,000 trillion cubic feet would be required to support production of
200 trillion cubic feet in the year 2024.
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contained in coal beds, the marine black shales of the Eastern United
States, the tight sandstones of the Rocky Mountain Region, and the
geopressured zones underlying the Gulf of Mexico and its adjacent
coastal plain. 9 These sources have two things in common: all are enor-
mous in extent, and all, with one or two modest exceptions, have prov-
ed intractable to commercial production to date. Figure 5 depicts some
recent estimates of the energy potential credited to these exotic sources
compared with that of the conventional oil and gas I have just discuss-
ed. Please note that the columns depict total resources in place-not
the much smaller portions that may actually be recoverable.
With the exception of the Canadian tar sands, which currently
produce about 55,000 barrels of oil a day, and similarly small amounts
that may be forthcoming from a few other sources, these resources
cannot be thought of as near-term supplements to existing energy sup-
plies. The problems of recovering them in commercially significant
volumes are extraordinarily difficult. One example should suffice: the
gas in the geopressured zone of the Gulf province is thought to be
dissolved in brine at a ratio of about 25 cubic feet per barrel (5 cubic
meters per ton) of water. If we undertook to supply one trillion cubic
feet a year (28.5 trillion cubic meters) from this source (and this is only
about five per cent of our total gas needs) it would require the produc-
tion and disposal of 100 million barrels (15 million tons) a day of hot
salt water. This volume is nearly twice that of total world crude oil
production per day, and about a third of the average daily discharge
of the Hudson River.
So it is quite possible-even probable-that some of these exotic
sources may remain beyond man's grasp for a long time if not forever.
But others can be utilized, and the world's plight is such that it cannot
afford to foreclose any options merely because they seem improbable
or bizarre today. The immediate requirement is for much more
knowledge about these resources than we presently have. Judgments as
to their merit can come later.
COAL
Turning now to coal, we have been conditioned to think of it as a
I The potential for and problems of these and other sources of petroleum hydrocar-
bons in both conventional and unconventional occurrences are addressed in a series of
papers presented before a conference jointly sponsored by the United Nations Institute
for Training and Research (UNITAR) and the International Institute for Applied
Systems Analysis (IIASA) at Laxenberg, Austria, in June 1976, and published as THE
FUTURE SUPPLY OF NATURE-MADE OIL AND GAS (1977).
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resource of great abundance -hundreds of years supply it is often said.
And the world indeed has a lot of coal. Identified reserves in 1974
were estimated at 669 billion tons (600 billion tons metric), which was
almost two-hundred times the 3.5 billion tons (3.3 billion tons metric)
consumed by the world in that year.10 Identified coal resources in-
cluding reserves are thought to be nearly 6,400 billion tons (5,800
billion tons metric) and an additional 10,000 billion tons (9,100 billion
tons metric) of undiscovered coal resources are also estimated to
exist. I
These sound like large amounts, and they are, even after
allowances are made for the speculative nature of undiscovered
resource estimates and the possibility that perhaps no more than half
the coal in place can be recovered. But "large" is a subjective evalua-
tion, suggested here by comparing coal resources with current and past
consumption. A comparison with potential future requirements,
however, brings out a different view.
Figure 6 presents the results of a highly artificial exercise aimed at
showing what would happen to the world's fossil fuel resources at
various assumed usage rates if they continued to supply ninety-five per-
cent of the total energy demand, as they do now and have done for
the past several years. In this illustration, coal, oil, and gas from con-
ventional sources are lumped together as a single energy source from
which all production is drawn, expressed in common units of thermal
energy. The exercise is of limited usefulness, because nothing like it
would ever happen in actual practice. In the real world all kinds of
feedbacks operate upon both demand and supply, to an extent that
makes it impossible to forecast either the slope of the curve or the
point at which all resources would become exhausted. The main in-
ference to be drawn from this illustration is that world consumption of
fossil fuels, which doubled five times over the last hundred years,
seems highly unlikely to repeat such a performance over the next hun-
dred. Fossil fuel resources, even when coal is included, are not so
abundant when subjected to the buzz saw of exponential growth in
consumption.
What the figure dramatizes is that in the unlikely event that the
recent trend in energy consumption could continue at a five percent
increase per year, all presently discovered reserves of oil, gas, and coal
10 WORLD ENERGY CONFERENCE, SURVEY OF ENERGY RESOURCES (1974).
1 Averitt, Coal Resources of the United States, 1412 U.S. GEOLOGICAL SURVEY
BULL. 91 (1975).
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would be exhausted within thirty-four years, and all remaining
recoverable resources of these fuels would be gone in seventy-six years.
Some additional time could be purchased if the annual growth rate
were reduced to two percent-seventeen years in the case of reserves,
and seventy-one years for total resources. It is only when energy con-
sumption is held constant at the 1976 rate that the results lend any
support to the common notion of hundreds of years supply -about 850
years in the case of total resources. Even so, known reserves would last
less than 100 years even without any increase over current rates of con-
sumption.
None of these calculations includes the contributions which might
be made by the exotic hydrocarbon occurrences I mentioned earlier.
Nor do they assume recovery of the coal and oil presently
unrecoverable- about half of the coal and two-thirds of the oil
originally in place. Energy from these sources might add some years or
even decades to the time periods already noted depending on how fully
they could be utilized. But they are also finite, and sooner or later
they too would be exhausted.
NUCLEAR FUELS
Other important potential sources of energy, of course, are the
nuclear fuels. The outlook for fission fuels as contributors to world
energy supply, however, is obscured both by wide differences in
estimates of uranium and thorium resources and by the deep-seated
controversy over the use of nuclear power. In this confused milieu,
about the only generalization that can safely be made is that as a fuel
for the present generation of burner reactors, uranium represents a
source of limited potential, comparable in magnitude to that of the re-
maining recoverable resources of oil and gas. Research continues in
many countries however, not only on the breeder reactor but on new
types of uranium and thorium cycle burner reactors, which could
radically improve the prospects of both metals as energy sources. But
for now, the role to be played by nuclear fission in future energy sup-
ply remains unsettled and unknown. And the same may be said for the
role that may be played by nuclear fusion.
GEOTHERMAL ENERGY
Geothermal energy is still another potential source. Geothermal hot
spots throughout the world have been tapped for local heat and the
generation of electricity by several countries, including our own,
although the total capacity developed to date is still less than 2,000
1978
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megawatts. The potential for this source of energy has barely been
touched, and further development could multiply existing capacity by
many times. In the immediate areas where they exist, geothermal
resources can be an important supplement to other forms of energy.
But on the world scale they are only marginal contributors, and are
likely to remain so.
SOLAR ENERGY
The last source I want to discuss is solar energy, and it may be the
one on which we will ultimately have to depend, particularly if we are
unable to develop nuclear sources. For all but the last few clock-ticks
of his existence, man has depended on the current flux of solar radia-
tion as his sole source of energy, and this has never supported more
than a billion people-nearly all of them at subsistence levels-at the
highest levels of technology that have been devised for utilizing solar
energy both directly and indirectly. There are now four billion people,
many of whom enjoy high levels of living, and the prospect is for seven
billion by the early years of the next century, so you can see something
of the challenge to be met if solar energy is to make the contribution
so many people ardently expect of it. The problem is and has always
been that of recovery: how to extract useful quantities of the solar
resource from the limitless supply that exists. Many approaches have
been tried, with encouraging progress in such areas as space and water
heating, but all possess a common characteristic: they are very costly in
terms of capital investment for the amount of useful energy pro-
duced-a reminder that energy that is free is not necessarily cheap.
This is not a counsel of despair with regard to solar energy. It is a sug-
gestion that there is much work to be done, and that despite the pro-
blems, the potential offered by solar energy represents an opportunity
of great significance for the exercise of human ingenuity.
CONCLUSION
Drawing now to a conclusion, what I have been trying to show here
is that large amounts of oil, gas, and coal can still be found and pro-
duced, and that there are good opportunities for exploration in the
search of as yet undiscovered deposits of fossil fuels and for
technological advance to bring presently unworkable deposits within
economic reach. But in the perspective of continued exponential
growth in consumption these large amounts would have a relatively
short life. Let me stress again that the growth models I have shown
here are highly artificial and that nothing like them is likely to take
Vol. 10:597
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place. But they illustrate the impossibility of continuing for long the
exponential growth patterns of the recent past and they help to em-
phasize the need for a more conservative and efficient use of energy
and for research that will enable us to switch eventually to other
sources.
The era of readily available, cheap fossil fuels is closing and a high
order of human ingenuity will be required to extend it and to bring in-
to use another energy resource base. The time necessary to complete
these tasks depends not only on the vigor and imagination with which
new sources are sought but on the wisdom and restraint exercised in
the use of the old. The focus of this conference on Energy Use
Management is most appropriate.
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